Since the first description of the unpleasant postoperative symptoms which may follow the administration of suxamethonium (Bourne et al. 1952) there has been considerable disagreement about the relationship between these symptoms and the muscle fasciculations which are so frequently observed.
Some workers found that severe pain most commonly followed vigorous fasciculations (Bennike & Neilsen 1964) while others came to the opposite conclusion (Halldin & Palmer 1961) . The majority, however, agree that there is no constant relationship between visible fasciculations and the subsequent symptoms.
In an attempt to clarify this relationship, surface electromyography of the upper limb has been used to record the fasciculations in 143 patients. All were fit adults requiring endotracheal intubation for minor surgery, and allexcept 10 who were given decamethoniumreceived suxamethonium (Anectine -Burroughs-Wellcome) 75-100 mg after a normal opiate premedication, and thiopentone induction.
Apparatus
After an initial trial with needle electrodes, surface electrodes were used for the following reasons: they were 'non-invasive'; they were simplerno sterilization being required; they recordedsurprisingly perhapsless electrical 5Present address: Royal North Shore Hospital, St Leonards, NSW 2065, Australia interference in the anesthetic rooms; and it was thought that an index of 'bulk motor activity' rather than of single unit activity could be more relevant to an understanding of muscle pains.
Three steel-plate electrodes were used. The two supplying the differential input of the recorder were fixed over the biceps muscle and the dorsum of the wrist with the earth electrode between them on the forearm. The signals were led to an Elema-Schonander 800 ink-jet recording machine, with a time constant of 30 ms and a high frequency response which was 3 dB down at 650 Hz.
Two paper speeds were selected; either 100 mm/s to facilitate the recognition of individual potentials, or 10 mm/s to allow for a 'pattern' recognition.
Results
The first electromyogram (EMG - Fig IA) shows one of the typical patterns of activity after suxamethonium, at the slower paper-speed. On this occasion, gross fasciculation was observed and the tracing showed a 'phasic' pattern. This particular patient happened to develop postoperative neckpain and stiffness, but there appeared to be no obvious relation between the pattern of motor activity and the incidence of postoperative complications. However, the pattern was different after decamethonium, only a sparse distribution of action potentials being recorded. No patient suffered symptoms after this drug. Fig 1B demonstrates a recording at the faster paper-speed. Here, individual action potentials, mostly polyphasic, may be recognized amongst the background of multiple, asynchronous discharges.
The amplitude of the recorded potentials usually lay between 60 and 200 ,uV and the frequency between 23 and 72 Hz. These figures are comparable with the findings of Meadows (1971) Naked eye assessment of the strength of the fasciculations correlated poorly with the electromyographic activity, though in general, the stronger the fasciculations the greater the EMG activity.
It was not possible to relate either the severity of the visible fasciculations, or the 'strength' of the EMG activity to the incidence of pain and stiffness. To evaluate the 'strength' of EMG activity in each trace, several parameters were measured. These included the maximum amplitude of the potentials, the mean amplitude of all recorded activity and the mean activity over a 20-second period ofmaximal dischargeexpressed in terms of microvolt centimetres of activity. This latter figure gave the best correlation with visible twitch, but again was unrelated to the incidence of pains. Neither was any relationship found to link the incidence of pains with the duration of EMG activity, with the ratio of resting tone activity to peak activity, nor with the interval between the injection of suxamethonium and the onset of EMG activity. There was, however, a relationship with the frequency of motor unit function. Frequency was assessed by counting the potentials over a foursecond period of peak activityi.e. over 40 cm of tracingsand was expressed in Hertz.
As the EMGs represented many motor units firing asynchronously with differing configurations, the counting of the potentials was somewhat complicated. In practice, all deflections from baselineboth positive and negativeof greater than 18 microvolts in amplitude were counted.
Using this method, the frequency of potentials in Fig This association between postoperative symptoms and high frequency discharge rates was a most important and statistically highly significant (P<0.001) finding throughout the series; 39 of the 42 patients with discharge frequencies greater than 50 Hz suffered typical suxamethonium pains. The 3 exceptions were older males who are generally believed to have a lower incidence of pains. One patient with a frequency of 48 Hz also suffered suxamethonium pains and all the patients who developed symptoms (55% in this series) displayed frequencies in the range of 48 to 72 Hz. However, within this range, neither the severity nor the nature of the symptoms was directly related to the actual frequency. In other words, the occurrence of symptoms was an 'all-or-none' response above a certain threshold frequency.
Discussion
The workings of the muscle-spindle will now be considered in an attempt to explain these experimental results.
The muscle-spindles of the cat have been studied by many neurophysiologists, particularly in the last two decades. A recurring observation has been the finding of irreversible changes in spindle activity after 'large doses' of suxamethonium, following a brief high-frequency discharge (Granit et al. 1959; Brinling & Smith 1960; Rack & Westbury 1966) . The term 'large doses' has meant anything from 0.1 mg/kg up to 2 mg/kg. This latter dose is well into the range used in man, whose muscles are believed to show a similar sensitivity to those of the cat. Matthews 1964) It is thought that the changes seen in spindle activity could be due to mechanical breakage of some part of the spindle mechanism (Rack & Westbury 1966) . To explain this requires a brief mention of current views on spindle anatomy and physiology.
The spindle is a fusiform structure several millimetres long, lying parallel to the skeletal muscle fibres and attached to the endomysium of those muscles at both its ends.
Each spindle contains between 2 and 12 intrafusal fibres which in their middle third are surrounded by fluid in a capsule (the nuclear bag). Boyd (1962) described two types of intrafusal fibrenuclear bag and nuclear chainaccording to the distribution of their nuclei (Fig 2) .
Suxamethonium is known to cause a prolonged contraction of the nuclear bag fibres and also a strong excitation of the primary afferent ending (Rack & Westbury 1966) . This sensory ending lies on a region of intrafusal fibre which is relatively deficient in myofibrils so that during a contraction the ending is forcibly stretched by the rest of the fibre and damage may result. Indeed Fehr (1964) has noted some cases of persistent stretch of the nuclear bags following suxamethonium. Potassium has been shown to leak out of damaged intrafusal fibres and be retained within the nuclear bags (Paintal 1964) . This finding may well have some association with postoperative symptoms. Bessou et al. (1968) stimulated the nuclear bag fibres of the cat directly and deduced that tetanus of these intrafusal fibres could be produced by as slow a stimulation rate as 47 Hz. Up to a limit, the greater the stimulation rate, the more complete the tetanus and the greater the tension exerted by the fibres with, presumably, an increased risk of damage to the spindle mechanisms.
The relative sensitivity to suxamethonium of the (alpha) motor endplates of the extrafusal fibres and the (gamma) motor endplates of the nuclear bag fibres is unknown, but thought to be similar (Emonet-Denand & Houk 1968). If such is the case, rapid extrafusal fibre discharge frequencies would be expected to be associated with rapid nuclear bag fibre discharge frequencies with the development of tetanus and presumed spindle damage in certain patients.
Extrafusal fibre discharge rates of the same order -50 Hzas those reported by Bessou et al. (1968) as causing tetanus in the intrafusal fibres of the cat, were recorded electromyographically in the extrafusal fibres of patients who had symptoms after suxamethonium. While this frequency may be partly coincidental because of the method of EMG recording, it nevertheless does not seem unreasonable to suggest that these patients suffered similar tetanic damage to their muscle spindles.
A theory involving the muscle spindles would also account for the finding that the pain, stiffness and weakness are usually experienced in the back of the neck and lower chest. Counts of spindle density (per gram of muscle) have revealed the highest figures in the small muscles of the neck (obliquus capitis superior and rectus capitis posterior major) as well as in the lower intercostal muscles (Matthews 1972 -collected data) .
With the exception of a few muscles innervated by the cranial nerves, muscle spindles have been found in all striated muscle and this could explain the generalized distribution of symptoms in some patients with severe pains.
Damage to the muscle spindles may also account for the postexertional pain and stiffness so commonly seen after unaccustomed exercise, these symptoms bearing a great similarity to suxamethonium pains. In exercise, the injury may be produced by overstretching an untrained muscle with corresponding overstretching of the muscle spindles lying in parallel, and damage at their weakest pointthe nuclear bag region. Prevention of'Pains' Many papers on the use of curarizing drugs, and even anticholinesterases, to prevent suxamethonium pains have been written since the first description by Churchill-Davidson in 1954, but none has claimed really high success rates.
Non-depolarizing relaxants block intrafusal motor endings, as they do extrafusal motor end plates (Granit et al. 1959 ) but intrafusal neuromuscular transmission may persist after that of the extrafusal fibres has been blocked. Emonet-Denand & Houk (1968) considered that this was almost certainly due to the intrafusal fibres being less accessible to the blocking drugs. These workers demonstrated that, in the cat, intrafusal spindle nuclear bag fibres could be blocked by varying doses of gallamine (0.2 to 0.7 mg/kg) but that one minute was required for the block to become complete.
That this observation may be of practical importance was shown by the findings in 11 patients who were given 10 mg of tubocurarine one minute before the suxamethonium. This fixed dose was convenient to administer and approximately equivalent to the higher dose used in the animal experiments.
The mean frequency of the recorded EMG potentials in these patients was greatly reduced (11 Hz, range 0-42) -well below the threshold frequency for pain of 48 Hzand none of them developed postoperative symptoms. Only two of the patients showed fasciculations and these were extremely weak and brief.
Encouraged by this finding, a further hundred cases were studied, but this time without EMG recordings. Either tubocurarine 10 mg or gallamine 60 mg was given exactly one minute prior to 100 mg suxamethonium. The incidence of suxamethonium pains was reduced from 55 % in the first series to 2 % and there were no problems with either intubation or prolonged apncea.
Conclusion
It is suggested that the muscular pains, weakness and stiffness, which follow the administration of suxamethonium, arise from damaged muscle spindles.
The incidence of pains is not related to the visible fasciculations, but to the rate of firing of motor unit potentials as recorded electromyographically. There would appear to be a threshold frequency below which pains do not occur.
Previous administration of a nondepolarizing relaxant reduces the frequency of motor unit discharge and is efficacious in the prevention of suxamethonium pains.
Recovery from Aniesthesia
A review ofmethods for evaluation of recovery from anisthesia and a comparative study of the intravenous steroid anesthetic Althesin (CT 1341), with methohexitone and thiopentone by I W Carson MB FFARCS (Department ofAnesthetics, Queen's University ofBelfast, Institute ofClinical Science, Grosvenor Road, Belfast, BT12 6BJ)
The techniques employed to assess recovery are numerous and vary greatly in their degree of sophistication.
Basically two types of observation can be recorded: (1) The patient's behavioural response threshold to a variety of psychodiagnostic tests at different stages during recovery. (2) Measurement of altered physiological factors which return to normal following antesthesia, for example EEG patterns.
Simple clinical observations, such as spontaneous opening of eyes (Jolly 1960) and the return of the eyelash reflex (Foley et al. 1972) , have been employed to evaluate recovery. 'Probing techniques' such as the arousal of patients by calling their name or shaking their shoulder have been criticised as they alert the patient and advance the recovery endpoint (Lindsley et al. 1961 ). Other workers have assessed recovery two minutes after discontinuing the anesthetic; at that time the patients were either awake or asleep, and if the latter they were classified as being either safe or unsafe, depending on the presence or absence of protective laryngeal, pharyngeal and other reflexes (Dundee & Moore 1961).
The ability to talk rationally and coherently, along with the maintenance of a conscious state, and postanasthetic amnesia in addition to the waking time have been observed (Hutchinson &
